pH/sugar dual responsive core-cross-linked PIC micelles for enhanced intracellular protein delivery.
Herein, a series of biocompatible, robust, pH/sugar-sensitive, core-cross-linked, polyion complex (PIC) micelles based on phenylboronic acid-catechol interaction were developed for protein intracellular delivery. The rationally designed poly(ethylene glycol)-b-poly(glutamic acid-co-glutamicamidophenylboronic acid) (PEG-b-P(Glu-co-GluPBA)) and poly(ethylene glycol)-b-poly(l-lysine-co-ε-3,4-dihydroxyphenylcarboxyl-L-lysine) (PEG-b-P(Lys-co-LysCA)) copolymers were successfully synthesized and self-assembled under neutral aqueous condition to form uniform micelles. These micelles possessed a distinct core-cross-linked core-shell structure comprised of the PEG outer shell and the PGlu/PLys polyion complex core bearing boronate ester cross-linking bonds. The cross-linked micelles displayed superior physiological stabilities compared with their non-cross-linked counterparts while swelling and disassembling in the presence of excess fructose or at endosomal pH. Notably, either negatively or positively charged proteins can be encapsulated into the micelles efficiently under mild conditions. The in vitro release studies showed that the release of protein cargoes under physiological conditions was minimized, while a burst release occurred in response to excess fructose or endosomal pH. The cytotoxicity of micelles was determined by cck-8 assay in HepG2 cells. The cytochrome C loaded micelles could efficiently delivery proteins into HepG2 cells and exhibited enhanced apoptosis ability. Hence, this type of core-cross-linked PIC micelles has opened a new avenue to intracellular protein delivery.